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Abstract 
The process of the performance-based fire protection method is introduced. And the method of the fire probabilistic safety assessment 
(PSA) and the fire protection deign in the nuclear power plant are described. The combination of the performance-based fire protection 
and the fire protection deign in the nuclear power plant are discussed, and the fire PSA will be used to validate to improve the design and 
the fire safety level in the nuclear power plant. The process of the combined method is also described. Although there are some 
improvements in the future, but the combination is possible and useful in the nuclear power plant fire protection design. The advantages 
and disadvantages of the combination are also discussed. 
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1. Introduction 
With the development of the nuclear power, the nuclear safety is more and more important and the fire accident in the 
nuclear power plants (NPP) is thought much significant. The fire protection design is based on that there is enough safety 
range in any situation in the NPP [1]. In the NNP design, how to protect the safety system and safety equipment from fire 
must be considered.  The design is selected to be good nuclear safety rule and standard.  
The performance-based fire protecting design is matured and broadly used in building design [7]. It is widely known that 
the performance-based fire protection design is an advanced, effective, scientific and rational design method of fire safety, 
and contribute to raising the level of building fire protection design [8]. 
The fire safety requirements for NPP are complex and stringently [2]. In the NPP, the building characteristics conform to 
the scope of the performance-based fire protection design. It is feasibility that the performance-based fire protection method 
in the design of NPP. 
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2. The Serformance-Eased Iire Srotection 
2.1. The concept and characteristics 
The performance-based fire protection design is a systematic design method with fixed safety objectives. With the design, 
the design is quantitative evaluated and optimized to improve the performance. 
The basic idea of the design is that the type of hazard is confirmed firstly and then the targets are defined [3].  According 
to the harm or design area, the assumptions are set, and the design method and evaluation methods are selected. Then, the 
simulation will be done. Main building features, personnel characteristics, internal operation mode, external features and the 
fire protection organization will be taken into account in the design. 
The characteristics of performance-based fire protection design [4]: The objectives, the basic safety standards in building 
fire should be required by the public and the society as a whole. The flexibility, the different methods can be selected to 
ensure objectives, but it is not limited to the standard method in the codes. The evaluation and validation, for the concrete 
design, the mathematical models should be used to do the theoretical or experimental validation. 
2.2. The design phases and steps 
The performance-based fire protection design will be made up of three steps which are preparation, qualitative and 
quantitative analysis, documentation [5]. The main steps are as following [6, 8, 15]: 
1. Confirm the engineering parameters and evaluation content. The project information, process characteristics and 
researchers feature are researched and collected.  
2. Confirm the overall objectives, functional goals and performance objectives. The overall objective is to protect the lives, 
the property, the use functions and the environment from the adverse effects of fires. The functional goals pointed out 
how to satisfy the requirements of the overall objective. The performance objectives are performance levels that must be 
get to.  
3. Development of design objectives. The specific methods are determined to get to the performance requirements. The 
required method in the codes will performance requirements; the alternative will be required the proof to show that it get 
the performance requirements.  
4. Development the fire scene. We must pay attention to layout, the load distribution of the fire, ignition source, staff 
distribution, environmental and so on.  
5. Development the hypothetical distributions of fire hazard. Generally, the heat release rate growth curve with time is used.  
6. Evaluation design. It must be clear by the assessment whether the design satisfy the objectives. The main factors are 
development and spread of fires, the spread and control of smoke, fire detection, fire control and suppression, and so on. 
7. Prepare the reports and documentation. 
3. The Iire Srotection Gesign Rf NPP 
Currently, the regulations standards of NPP fire protected design in China are following: “Design safety regulate for 
nuclear power plants” (HAF102), “Fire protection for nuclear power plants” (HAD102/11) and “Fire protection criteria for 
nuclear power plants” (EJ/T1082-2005), or the fire technology specification and standard from the cooperator, but its 
requirements cannot below our standards, such as France RCC-I standard and the standard from United States [10]. 
The objectives for the fire protection of nuclear power plants are pointed out in the HAD102/11 [2], and the standard 
requires  the defense in depth to achieve its objectives, that the fire protection is prepared redundancy and diversity to ensure 
a high level of fire safety. In addition, the fire-fighting system in NPP greatly exceeded the scope of regular fire protection. 
The basic idea of fire protected in NPP [10] is that prevention fires from occurring, limiting fire hazard, prevention the 
spread of fire. In the design, the fire is controlled primarily by plant layout, fire region boundaries, and fire hazard analysis 
and blockade fire. The secondary effects of the fire and the putting out a fire are provisions and requirements. The fuel 
control, sufficient fire-resistant and ignition source control are emphasized to prevent the fire. 
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3.1. The fire performance criteria in NPP 
The fire performance criteria in nuclear safety criteria for NPP [2, 9] are described. After the fire, the fire-fighting 
facilities in NPP must ensure that an unrecoverable state keep away from the plant. Must be able to control reaction (reactor 
shut down), keep the primary cycle boundary integrity (the radioactivity release), control the residual heat (residual heat 
removal), keep the auxiliary systems support functions and the instrumentation system functions. 
Because of the fire suppression activities, it must be as-low-as reasonably achievable that the radioactive release directly 
to the non-restricted range (within the national standards).  
The safety of staff must be ensured under all reactor conditions in NPP fire. The personnel who cannot be immediately 
evacuated should be provided safe evacuation gates and harbors. The adequate guarantees and emergency protection must 
be provided for not immediately evacuees. 
The maximum economic losses (direct/indirect) due to fire nuclear power plant should be within the utility’s acceptable 
levels. The time limits of reactor shut down by the fire should also not exceed the acceptable level to the utility. 
3.2. The features of  NPP fire protection design 
Fire protections design of the nuclear power plant no chapter to follow. The nuclear power plant construction project is 
not covered in the national documents and standards for the fire protection. 
The goal of fire protection design of deterministic goal of in nuclear power plants is deterministic. The overall objective 
must follow the fire safety requirements of the nuclear safety regulations and guidelines. The functional goals require that 
the reactor must be maintained shutdown, residual heat removal and the radioactivity inclusion in the fire. 
In the fire protection design of nuclear power plants, the fire compartment is set to protect the safety of important items. 
The entity isolation guidelines are used, including bearing and distance separated, to control the spread of fire. 
In the NPP design, the defense in depth is applied to achieve the objectives, to implement the fire protection 
countermeasures [2, 10]. Firstly, the fire load is reduced to prevent the fire (material selection, fire-resistant coatings, fire-
retardant cables, fuel distribution and management). Secondly, prevent the spread of fire (factory layout, fire compartment, 
entity isolation). The thirdly, the fire development is controlled by quick detection of early fire-fighting. The multiple levels 
of fire protection of nuclear power plants is a whole, and any level of incomplete affect the overall level of fire safety. 
The fire protection design of nuclear power plants must be evaluated and validated to confirm the fire safety. 
4. Fire Srobabilistic Vafety Dssessment Ln NPP 
The probabilistic safety assessment (PSA) is to use the probability theory to analysis the potential relationships of event 
development, and forecast the probability of the event development. 
The fire probabilistic safety assessment of nuclear power plant is analysis and confirms the sources of the risk of fire [14]. 
The fire probabilistic safety assessment could be used to identify potential fire scene and determine the relationships 
between them, and the fire PSA is also used to confirm form of fire accident. The fire protection measures in the nuclear 
power plant (including fire plan) is evaluated to determine whether the measures need to be adjust and how to do. 
4.1. The fire PSA method 
The scope of fire PSA is shown in the NUREG/CR-6850 from Nuclear Regulatory Commission in United States (NRC). 
It includes the level one fire probabilistic safety assessment in operating condition. It also calculates the radionuclides early 
large release frequency (LERF) [11], but does not include low-power and shutdown conditions and the level three 
probabilistic safety assessment. The method in NUREG/CR-6850 is developed from the probabilistic safety assessment for 
the internal events. 
Currently, the method in the NUREG/CR-6850 is the most complete and advanced for the fire probabilistic safety 
assessment technology with better maneuverability because of basis on the level one PSA. And so much reference data is 
available in the reports. Also the method is certificated by NRC. It is the potential direction for technology standards [11, 
13]. 
4.2. The fire PSA content 
In the NUREG/CR-6850 reports, the fire probabilistic safety assessment process is described in Fig .1. There are 16 steps 
[11]. The main steps are here. Plant Boundary and Partitioning, Fire PRA Component Selection, Fire PRA Cable Selection, 
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Qualitative Screening, Fire-Induced Risk Model, Fire Ignition Frequencies, Quantitative Screening, Scoping Fire Modeling, 
Detailed Circuit Failure Analysis, Circuit Failure Mode & Likelihood Analysis, Detailed Fire Modeling(A. Single 
Compartment, B. Multi-Compartment, C. Main Control Room), Post-Fire HRA: Screening, Seismic-Fire Interactions, Fire 
Risk Quantification, Uncertainty & Sensitivity Analyses, Fire PRA Documentation. 
 
 
 
Fig. 1. The fire PSA process in NUREG/CR-6850 
5. The Dpplication of Serformance-Eased Iire Vafety Gesign Pethod 
According to the design and fire safety requirements of nuclear power plants [1], and combine with the fire PSA methods 
and processes, the performance-based fire protection design could work in the fire protection design of nuclear power plants. 
According to the requirements of the different fire component, the fire protection, control and fire-resistant are improved by 
the performance-based fire protection design. And the overall requirements and objectives of fire safety and nuclear safety 
are considered. Because of the combination of those methods, the efficiency and economics of fire safety facilities could be 
improved in NPP and optimizing the allocation of resources. 
5.1. The application method 
The phases of performance-based fire safety design in nuclear power plants are here [16, 17]. They are main objectives, 
risk identification, performance-based design, scenario simulation and probabilistic safety assessment and design 
optimization process. 
The overall goals and objectives are conformed. The nuclear safety requirements are clear in the national regulations and 
standards. From the overall safety requirements of NPP, the overall fire prevention requirements are made clearly. 
According to division of components and those nuclear safety requirements, the sub-objectives in different components are 
set up.  The sub-objectives are established from whole to part stage, but it must be made sure that the combined sub-
objectives could not be under requirements of the overall goals. While making sure fire goals, the fire hazards and the 
nuclear safety risks from the fire must be recognized. 
The performance-based design is done. The performances objectives are build form the security requirements and 
performance standards. Those performances objectives are the specific methods and instruments to accord with the 
performance requirements. The prevalent standards and technologies could accord with the requirements. But the 
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alternatives must be shown to attain the performance requirements. On the basis of objectives, the methods and projects are 
selected. 
The fire scene simulation is based on design. The calculation is built in the Fire Dynamics Simulator (FDS) model. 
According to the design, the combustibles and kindling points distribution in the components are simulated. The spread of 
fires and smoke are calculated, and the temperature distribution in the component is simulated too. 
In the design, the fire probabilistic safety analysis is here. From the PSA and the fire scene simulation, the fire PSA could 
be analysis. And the impact on the nuclear safety from the fire risk could be confirmed from that analysis. The level one 
PSA model and results could also be considered in the analysis. The fire security in the component and overall could also 
analysis to improve the design. 
The fire protection design is optimized from the analysis. According to the function and the overall goals, the design 
objectives could be updated base on the analysis and simulation results, to improve the security and economics. 
The performance-based fire engineering design process in nuclear power plant is shown in Fig. 2. 
 
Fig. 2. The performance-based fire engineering design process in Nuclear Power Plant 
5.2. The feasible of application and discussion 
5.2.1. The feasible of application 
In the performance-based fire protection design, the fire scene simulation and fire PSA are used to determine and verify 
the rationality and conformity with the relevant requirements. And with the analysis and design developing, the optimization 
and update are completed. 
The performance-based fire safety design method is mainly used in large-span, large-space building. The highest risk 
space and special requirements for fire protection building are also be designed by the performance-based [5]. The fire in 
NPP could cause the nuclear safety risks, so the nuclear power plant is a place with higher requirements and special fire 
protection. It is include the performance-based fire protection design. 
The fire scene simulation is normal method in the general fire protection and research with the successful software and 
analyst team. The probabilistic safety assessment is also seasoned in the nuclear safety analysis with the mature process and 
team of analysts. The two methods are both with certain basis. 
For the application and analysis of methods, the performance-based fire protection design in the nuclear power plants is 
feasible. 
5.2.2.  The advantages and challenges 
The advantage of performance-based fire protection design in NPP is following. The comprehensive fire prevention and 
control system of nuclear power plant is formatted with the application of security engineering theory and method. The 
design method force on the fire performance and the nuclear security function, and it is with the clearly target. The method 
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is useful to improve the reliability of fire design. The limitations in the normal design method could be improved for the 
special requirements and functions. The overall fire safety and nuclear safety requirements should be considered from 
system security. The fire safety goals and protection methods could optimize the allocation of resources in the fire 
protection in NPP. The economy would be improved from investment in fire and its best security income distribution. The 
detailed design methods are flexible and diverse. It is good at playing a designers ability. It is also a good chance for the 
new technologies, new materials and products. It is more easily to standardization and standardization. 
At the same time, application of performance-based fire protection design in nuclear power plants must face its 
disadvantages. The performance judge standard has not been consistent recognized. The specification and standard system 
need to be perfect. The underlying database for the performance-based enough design is also not strong enough. There is a 
clearly uncertainty in selection of the design fire. The selected standards of the design fire and fire scene need to be 
improved. The personnel behavior assumptions are too much. There are the limitations in the prediction model. The 
uncertainty factors in the simulation results could not be considered enough. The design would require the designer with 
higher quality. The reliability of specific fire device or system could be considered in performance design with diverse 
method. 
6. Conclusion 
According to the design and fire protection requirements and characteristics of NPP, it is possible and reasonable to 
combine the fire PSA and performance-based fire protection design. It is also reasonably practicable to design the fire 
protection with performance-based method. The fire protection, fire control and fire-resistant performance of fire 
compartment would be enhanced by the performance design. And the design will take into account the overall fire safety 
and nuclear security performance requirements and objectives.  
The combination of fire probabilistic safety assessment and performance-based design would be better to improve the 
weakness. The performance-based fire protection design method need to be improved. The ability and economics of fire 
protection in NPP would be improved. The allocation of resources is optimized also. 
It is reasonable to take the performance-based fire protection design in NPP. And the advantage and effect of the method 
is obviously. Because of the less application, there are still some limitations need to be improved. The specifications and 
standards also need to be further established and perfect. 
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